Abstract This study was performed to investigate the hydrological and the hydrogeological framework of the Lottenbachtal, Germany. Long-term climatic data were statistically analyzed, water and soil samples were collected and analyzed, stream flow discharge was measured and separated, the hydrological balance of this catchment was calculated and a hydrological and hydrogeological conceptual model was constructed. The study area is characterized mainly by the precipitation value ranged between 0.1 and 5 mm/day. The actual evapotranspiration constitutes 31.90 % of the total precipitation, the direct surface runoff constitutes 61.04 %, the soil storage constitutes 3 % and the groundwater recharge of the Lottenbachtal constitutes only 4 % of the total precipitation. The Lottenbachtal has largely affected the diversity of the land use, which includes forests, arable areas, abandoned coal mines and settlement areas. The soil of the forested area is represented by relatively high acidic conditions and relatively high sulfate concentrations, while the soil of the arable areas is represented by near-neutral conditions associated with relatively high concentrations of nutrients and other chemical elements (calcium, magnesium, sodium, potassium, chloride, sulfate, nitrate). The settlement areas are characterized by huge blocks of concrete and backfills, which are rich in calcium and magnesium carbonates. The effects of this diversity in the land use on groundwater and surface water quality resulting by leaching the chemical elements from the soil covers and the other materials. These effects are represented by the following complex water types of Ca-Na-Mg-Cl-SO 4 -HCO 3 , Ca-Mg-HCO 3 -SO 4 , Ca-NaMg-Cl-SO 4 , Ca-Na-Mg-Cl-SO 4 and Ca-HCO 3 , which represent the diversity of the flow paths of the water as well as to mixing processes. The diversity of the land use also affected the physical hydrological-hydrogeological characteristics of the study area by increasing the direct surface runoff and decreasing the groundwater recharge. The impervious surfaces of the settlement areas and the low hydraulic conductivities of the soil covers are responsible for these conditions.
environmental variables, such as the change of the land use (Schumann et al. 2010) .
Most of the studies performed on small watersheds aimed at estimating the leaching of sediments, nitrogen, and phosphorus in arable areas, while the acidification processes were the main seeking phenomena in the forested areas (Nilssen 1980) . Other studies conducted in this field aimed to regionalization the hydrological and hydrogeological parameters obtained from small watersheds to larger watersheds (Lee et al. 2005; Jin et al. 2009 ).
Underground mining usually affects the hydrological cycle of small catchment areas. These effects, as a result of extractions and stockpile tailing near the mines, are represented by changing geologic, geomorphologic and land use of the exploiting fields (Blodgett et al. 2002) . Thus, mining processes changed the flow system of the aquifers in the mining areas. Water quality was also affected by underground mining operations. These effects were represented by high concentrations of undesirable elements (Banks et al. 1997) .
Surface mining also affected the hydrological and hydrogeological system of the catchment areas, located within the exploiting zones. These effects resulted from the excavation processes that removed part of the aquifer. Generally, post-mining pit-lakes formed after the mine closure and receive their water from groundwater. Thus, the surface mining consumes the groundwater storage of the aquifers. Moreover, the pit-lakes lose a large portion of their water by evaporation. In addition, materials removed by mining, which are normally barrier to contaminants, increase the possibility of groundwater contamination (Younger 2003) . Leaching from tailings and waste rock via soil water and surface runoff cause contamination of groundwater and surface water by toxic constituents, contained in these materials (ELAW 2010 ).
The conceptual model of small watersheds is an effective tool that facilitates the management and the restoration of streams and watersheds (Cleaves 2003) . This model can also help in predicting the impact of some hydrological parameters (Wegehenkel 2002) , climate change (Ruelland et al. 2012) , or the variations in fracture connectivity (Krzeminska 2012 ), on the hydrological system.
In the south of Bochum, many coal mines were constructed between the seventeenth and twentieth centuries as a part of Ruhrkarbon mining activities (Hermann and Hermann 2008) . Coal deposits were extracted using different methods, including horizontal, inclined and vertical shafts. Deep mining in this area was not conducted until the twentieth century, after the invention of the steam engine (Huske 2006) . In addition, dewatering and other facility structures such as adits, drainage adits and shafts were also constructed to facilitate the exploitation process as well as to eliminate dangers associated with mining. Such dangers included the unexpected collapse of the water, drowning whole mines (Hermann and Hermann 2008) .
Large amounts of coal were extracted and shipped through the Ruhr, while the resulting mining wastes were dumped near the shafts and entrances (GLA-NRW 1988) . During extraction processes, many mines were connected via shafts and other extraction structures, which in turn increased the rate of coal extraction (Huske 2006) . Coal mining in this area continued until the beginning of the twentieth century. The mines were either sealed or backfilled using various materials, consisting mainly of mining waste and to a lesser extent ash, garbage, slags, sludge, construction waste, industrial residues and household waste (GLA-NRW 1988) .
The main aim of this study is to investigate the hydrological and the hydrogeological framework of the Lottenbachtal catchment area, characterized by a hard rock aquifer that was subjected to mining and urbanization activities as well as to the variety of the land use. Furthermore, the calculation of the components of the hydrological balance in this area is another aim of this research. This research also intended to provide a conceptual model of the study area for sharing with the water sector to restore the channel of the main watercourse of the Lottenbach stream, taking into consideration the ecosystem.
Study area
The Lottenbachtal catchment area is situated south of Bochum (Fig. 1) . The gaged part covers an area of about 5 km 2 . This area is located within the marine climatic zone of the north-west Germany, characterized by average annual rainfall of 817.6 mm/a, average air temperature of 2.7°C in the winter and 18.5°C in the summer, south and south-west winds of mean velocities of 3.5 ms -1 , an average value of relative humidity of 75 % and cloudy conditions associated with sunshine duration of 1,229.5 h/a (Grudzielanek et al. 2011) . Thus, the climate in the study area is characterized by mild winters and cool summers (LAVUV 2010) .
The geology of the study area is represented by the hard rock formations of the Upper Carboniferous as shown in Fig. 2 , which consist chiefly of coal seams, mudstone and sandstone deposits (Littke et al. 1986 ). These deposits were subjected to complex tectonic developments in the Variscan Orogeny, associated with over thrusts, strike slip and normal faults (Littke et al. 1986 ). These formations form the main aquifer in this area, which is characterized by very low to moderate hydraulic conductivity (GLA-NRWd 1988) .
Methodology
Climatic data for 21 years were obtained from the RudolfGeiger climate station of the Department of Geography in the Faculty of Geoscience at the Ruhr University of Bochum. This data include the daily values of precipitation P, average relative humidity RH, minimal air temperature T min , maximal air temperature T max , average air Fig. 1 Location map of the study area, including the drainage systems, water sampling points and the site of the soil profiles (The drainage systems were modified after Viebahn-Sell 2006) Appl Water Sci (2017) 7:315-328 317 temperature T average and the average wind velocity V wind for a period that extended between 1991 and 2012. The frequency analysis of the climatic data was performed by OriginPro V9 (OriginLab Corporation 2012) . pH according to (DIN 19682-13 2009) , electrical conductivity EC according to (DIN ISO 11265 1997) , carbonate test according to (DIN 19682-13 2009) and batch test 10/1 l/kg according to (DIN EN 12457-2 2003) were performed on soil samples, collected from the selected soil profiles shown in Fig. 1 Van Essen Baro-Diver system was used to achieve this purpose. The recorded water heads were converted to discharge values by instantaneous tracer dilution (Morgenschweis 2010) and volumetric method (FAO 1993) .
A total of six well-known water source points were sampled. Water-sample 1 was taken from the drainage system of the Ruhr University of Bochum, water-sample 2 was taken from a mine shaft, water-sample 3 from the shallow groundwater, water-sample 4 was taken from the drainage system of the settlement area in the west, watersample 5 was taken from the Lottenbach stream at the gaging station and water-sample 6 was taken from an open pit lake located in the east of the study area. The location of these samples is shown in Fig. 1 The potential evapotranspiration was calculated by the Haude method (Haude 1955) . According to the diversity in land use of the study area, the actual evapotranspiration was calculated by integrations of Renger and Wessolek (1990) and Bagrov (1953) and Glugla (1976) methods. The Renger and Wessolek method enables to calculate the actual evapotranspiration of arable, grassland and coniferous-forested areas, Fig. 2 Geological map of the study area (modified after GLANRWa 1988) while Bagrov and Glugla method enables to calculate the actual evapotranspiration of urban area and deciduous forests. The stream hydrograph which was separated into direct surface runoff and base flow by continuous automated timebased separation (Local minimum method) of the stream record. The BFI digital filter version 3 (Hydro-Office; Software for Water Science) was used to achieve this purpose.
The digital filter checks the daily values determining the lowest value of the discharge, which represent a local minimum, in one half the interval minus 1 day [0.5 (2n*-1) days] before and after the day being considered. Then, the local minimums are linked together by straight lines. The area located under the connected lines represents the base flow, while the area located above them represents the direct surface runoff (Sloto and Crouse 1996) . The local minimum filter possesses two parameters; n (number of days) and f turning point test factor (Gregor 2010) . The values of n* = 5 and f* = 0.9 were used for this catchment, where the best match between the measured and calculated base flow was found at these values during low flow conditions.
Groundwater recharge was calculated by a method suggested by (Lillich 1970) for German conditions, where the base flow can consider the groundwater recharge. Soil samples were collected from profiles 2 and 4 to calculate the change in the soil moisture between the initial and the final conditions of the study period. Soil moisture was determined according to (DIN 18121-1 1998) . Soil parameter including average of the porosity (n soil ), which has a value of 0.46, and average of bulk density, which has a value of 1.4 g/cm 3 , was obtained from (Tursun 2012) . On the other hand, the mean thickness of the soil cover has a mean value of 1 m (GLA-NRWc 1988).
Water losses from the settled areas via sewer system were calculated by the water balance equation (Davie 2008) , which was modified to fit the hydrological conditions of the study area. This equation is given by
Where Q urb is surface runoff formed in urban areas, which flows directly into a separate sewer system (mm), P is the precipitation (mm), ETa is the actual evapotranspiration (mm), GR is ground water recharge (mm), Q sur is the surface water runoff, measured at the gaging station of the Lottenbach stream and DS is the change in the soil storage.
The average value of all the parameters at the catchment scale was calculated by the Geographic Information System ArcMap GIS V 9.3 Esri, 2008.
A conceptual model of the study area was established based on the geological, the hydrological and the hydrogeological characteristics of the study area. ArcMap GIS V 9.3 Esri, 2008 and CorelDraw X6 Corel Corporation, 2102 were used to achieve this purpose.
Results and discussions
Hydro-climatic framework Figure 3 shows the relative and the cumulative frequency of the daily precipitation (only rainy days). The study area is characterized chiefly by relatively low daily precipitation, when 66 % of the rainy days fall within the range (0.1-5) mm/day and 19 % of them within (5-10) mm/day. Smaller relative frequencies of 7.69 and 3.43 % are present for the precipitation domains (10-15) and (15-20) mm/ day, respectively; while a relatively small relative frequency of 1.71 % exists for the domain (20-25) mm/day. Other precipitation ranges, up to 45 mm/day, have a relative frequency less than 0.1 %.
Relative humidity shows more homogeneous conditions as shown in Fig. 4 . The relative frequencies of the RH domains lie in two main extents of (5 % \ RF \ 10 %) and (10 % \ RF \ 15 %). RH domains of [(45-50) , (50-55), (80-85), (85-90)] belong to the first extent, while the domains of [(55-60) , (60-56), (65-70), (70-75), (15-20)]°C located within the RF extent of (3 % \ RF \ 10 %). Very cold periods are extremely rare in this area. This situation represented by the very low relative frequency (less than 1 %) is found in very low T min ranges of (-20 to -15) and (-15 to -10). High T min values are also rare in this area, represented by RF values less than 1 %. For daily maximal temperature, RF values less than 1 % were found in the T max domains [(-15 to -10) 
Soil chemistry
The results of the pH, EC and batch tests, performed on soil profiles P2 and P4 are shown in Figs. 6 and 7, respectively. The soil profile P2, sampled from an arable area, is characterized by near-neutral to neutral conditions. This is because that the pH values range between 5.53 at the level (10-20) and 6.57 at the level (90-100) as shown in Fig. 6 . A relatively low pH value was noted in the topsoil horizon up to 40 cm depth. After that, the pH values increase until reaching the maximum value in the level (90-100). An Fig. 5 The relative and the cumulative frequency of the daily T min , T max and T average oscillation of the pH value can be seen explicitly along this profile. The average value of the pH in this profile is 6.17. EC shows more stability in comparison with pH. Its value ranges between 15.24 and 74.80 ls/cm. The minimum value was measured at the level (30-40), whereas the maximum value was measured at the level (0-20). These conditions are associated with a poor carbonate content of (0.5 \ CO3 \ 2 %) along this profile. In addition, samples collected from this profile are characterized by low concentration of major ions. The Ca 2? concentrations range between 12.01 g/t, measured at the level (80-90) and 34.07 g/t, measured at the top level (0-10 For anions, SO 4 2-ranges between 9.48 g/t, measured at the level (40-50) and 33.75 g/t, measured at the level (90-100). The average value of the SO 4 2-in this profile is 18.94 g/t. Cl -shows relatively low concentration in comparison with other elements. The maximum value of 15.42 g/t was measured at the top level (0-10), while concentrations less than 1.77 g/t were measured at the levels (40-50) and (60-70). The average value of Cl -in this profile is 4.93 g/t. NO 3
-shows values less than 1.77 Fig. 6 Results of the pH, EC and batch tests, performed on soil profiles P2 (arable area) Fig. 7 Results of pH test, EC test and batch test of the soil profile P4 (forested area) Appl Water Sci (2017) 7:315-328 321 along the soil profile, except for levels (0-10) and (80) (81) (82) (83) (84) (85) (86) (87) (88) (89) (90) where values of 15.42 g/t and 5.15 g/t were measured, respectively. On the other hand, the soil profile P4 was sampled from a forested area. This profile shows more acidic condition than the P2 as shown in Fig. 7 . The pH values of P4 range between 4, measured at the top of the humus level and 4.28, measured at the level (30-40). The average value of pH in this profile is 4.16. The pH values along this soil profile are more stable than P2. The EC shows a very high value of 232 ls/cm in humus, while the unconsolidated materials located at the level (90-100) have the minimum value of 26.2 ls/cm. The average of the EC in this profile is 63.34 ls/cm. All sampled points in this profile show undetectable values for Ca 2? (Fig. 7 ). An exception was found in the unconsolidated materials situated at the level (90-100), where the Ca 2? has a value of 16.26 g/t. The Mg 2? has undetectable values for all sampled levels, whereas Na 2? has an extent that asymptotically matched its extent in profile P2. Its value ranges between 8.75 g/t at the level (50-60) and 20.16 g/t, at the level (70-80). The average value of the Na ? is 13.08 g/t. The K ? concentrations have a less extended range in comparison with P2. Its value ranges between 3.75 g/t, measured at the level (50-60) and 10.17 g/t, measured at the level (90-100). The average value of K ? in this profile is 5.63 g/t.
For anions, SO 4 2-concentrations extend between 94.19 and 191.17 g/t specifying a more extensive range than the profile P2. The maximum was measured at the level (90-100), while the minimum was measured at the level (20-30). The average value of the SO 4 2-in this profile is 115.68 g/t. The Cl -concentrations in this profile show similar conditions compared with P2 and are also characterized by low concentrations. The maximum value of 5.16 g/t was measured at the top level (0-10), while the minimum value of 2.52 g/t was measured at the levels (70-80). The average value in this profile is 3.59 g/t. NO 3 -shows a relatively high concentration of 38.76 g/t at the level (30-40), while values less than 1.77 g/t were measured at most levels along this profile as shown in Fig. 7 .
The differences in the element concentrations represent the impact of the variety of the land use on the soil chemistry. The high concentrations of the SO 4 2-, associated with high concentrations of H ? , in the forested area could be resulted from the high organic sulfur content (Mayer et al. 1995 ), compared to the arable areas. On the other hand, the high concentrations of the other elements in soil samples collected from the arable field may be related to the soil treatment and the agricultural activities. The agricultural activities are responsible for higher concentrations of these elements in the topsoil horizon in comparison with the underlying zones.
Hydrochemical characteristics
The results of the hydrochemical parameters, measured in the water samples collected from the Lottenbachtal catchment area, are presented in Table 1 . The water samples are characterized by neutral conditions, when pH varies from 6.45 in the shallow groundwater and 7.81 in the drainage system of the Ruhr University of Bochum. EC values ranged between 381 ls/cm in the drainage system of the settlement area in the west and 1364 ls/cm in the drainage system of the Ruhr University of Bochum.
The concentrations of Na ? and K ? vary from 14.9 to 105 and 2.8-18.8 mg/l, respectively. The Ca 2? and Mg 2?
concentrations extend from 33.5 to 124 and 9.4 to 38 mg/l, respectively. For anions, SO 4 2-, Cl -and NO 3 -concentrations range between 47 and 242, 31 and 193 and 2.1 and 37.9 mg/l, respectively. -in the surface water and groundwater in this area are derived from calcium-rich materials, which include backfill, construction materials, mine waste and the geological formations (Alhamed 2014). The soil of the arable fields also contains Ca 2? and HCO 3 - (Fig. 6 ). So that, flow of soil water through the soil section increases the calcium and carbonate content of the percolated water. Thus, the agricultural activities also contribute to the evolution of the chemical composition of the surface water and groundwater. These conditions relate to the leaching of nutrients, especially from the topsoil (Fig. 6) , into stream water and groundwater.
The Na ? , K ? and Cl -concentrations in the water samples are mostly related to dissolution of road salt used largely in the winter. This related to the existing sampling points next to road or settlement areas. The high correlation between Na ? ?K ? and Cl -in Fig. 8 (Fig. 6) . The most likely source of these elements in this area is the fertilization. These elements can be dissolved in the soil water, which flows into surface water and groundwater, to increase the concentration of these elements in both groundwater and surface water. The NO 3 -contents of the surface water and the groundwater are resulted mainly by the leaching from the topsoil horizon of the study area, which has a relatively high concentration of this element as shown in Fig. 6 and Fig. 7 . The main source of the NO 3 -in the arable soil is the fertilization. However, wet and dry deposition (Langguth and Voigt 2004) could also contribute to the NO 3 -and other elements of the groundwater and the surface water of this area (Alhamed and Wohnlich 2014b). The abandoned coal mines of this area also affected the hydrochemical characteristics of the surface water and the groundwater. These effects are represented by the main content of the SO 4 2-and additional concentrations of the Ca 2? , the Mg 2? and the HCO 3 -in the surface water and groundwater as discussed in Alhamed (2014), Alhamed and Wohnlich (2014a).
The results of the hydrochemical analysis were plotted on the Piper diagram (Fig. 9) to determine the hydrochemical facies of the water resources in the Lottenbachtal catchment area.
Five main water types were found in the study area, which are Ca-Na-Mg-Cl-SO 4 -HCO 3 in the drainage system of the Ruhr University of Bochum, Ca-Mg-HCO 3 -SO 4 in the mine shaft and the stream water, Ca-Na-Mg-Cl-SO 4 in the urban water, Ca-Na-Mg-Cl-SO 4 in the shallow Fig. 9 The Piper diagram of the water sample collected from the Lottenbachtal catchment area Appl Water Sci (2017) 7:315-328 323 groundwater and Ca-HCO 3 in the open pit lake. These facies are an indicator of the complexity controlling the evolution of the surface water and groundwater hydrochemistry, where the mixing processes and the multi-flow paths are the main factors responsible for the formation of the above-mentioned water types. This conclusion was introduced by the result of batch test performed on soil and artificial materials (Alhamed 2014), where wide range of concentrations was found in these materials. Significant variability of the soil chemistry could also be seen in Figs. 6 and 7, where important differences can be clearly seen between the soil samples of the arable and the forested area. In addition, differences in the concentrations can be seen for each element along each profile. The linear trend of the hydrochemical properties, shown in Fig. 9 , from the lake water toward the groundwater is another indicator of the water mixing and the variety of the flow paths. These conditions also refer to contribute different types of water, results from different sources, to the groundwater and the surface water.
The hydrological and the hydrogeological conceptual model Figure 10 shows the climatic parameter, including the daily precipitations, the daily average of the air temperatures, the minimal and the maximal daily air temperatures, the daily average of the relative humidity and the daily sum of the global radiations Gb. Figure 11 shows the stream flow discharge, separated into its main components.
According to the climatic data (Fig. 10) , the measured stream flow, the soil moisture and the other hydrological parameters, the hydrological budget of the gaged part of the Lottentalbach catchment area can be described as follows; the annual precipitation during the study period is 944.5 mm, average of relative humidity is 61.74 %, average of air temperature at 14:00 h is 14.09°C, the average of T max is 16.36°C, the average of the T min is 7.2°C and the average of mean temperature is 11.55°C. The minimal air temperature value of -14.5°C was measured in the winter, and the maximal value of 34°C was measured in Fig. 10 The climatic parameters used in the water balance calculations The total stream flow during the study period is 497,863 m 3 (99.57 mm), while the total value of the base flow is 192,049 m 3 (38.41 mm). On the other hand, the total value of the direct surface runoff during the study period is 305,815 m 3 (61.16 mm). The mean change in the soil moisture is 24 mm, which represents 122,218 m 3 . Thus, the total stream flow constitutes only 10.5 % of the total precipitation, where the base flow constitutes 4 % and the direct surface runoff, which flow into the stream, constitutes 6.5 %. The change in the soil moisture constitutes only 3 %, whereas the actual evaporation constitutes 32 %. The direct surface runoff (water losses), generated over the urban area, should be 54.56 % of the total precipitation. Thus, the total direct surface runoff in this area constitutes 61 % of the total precipitation.
The catchment area of Lottenbachtal is characterized by mountainous structure, represented by shallow hills separated by steep sloped V-notched valleys (GLA-NRW 1988) . The Lottenbach stream, which is the main watercourse in the study area, represented by small tributaries. These tributaries are characterized by notched bottom as well as to low gradient (Viebahn-Sell 2001) . Therefore, this stream was classified as a small floodplain in the basement (Viebahn-Sell 2006) .
The land use of gaged part of the Lottenbachtal catchment area consists mainly of urban districts with 54 % of the total area. This includes the residential area, transport and other facilities. Conversely, agricultural fields constitute 13 % of the total area, and consist mainly of wheat fields. Grassland forms 11 % of the area, which is used as open pastures. Deciduous forests comprise 10 %, and consist mainly of beech. Mixing land of weeds and shrubbery also constitute 10 %. Coniferous forests, consisting mainly of spruce, occupy 1 %.
According to the classification of the United States department of agriculture (USAD 2007) , the soil cover of the Lottenbachtal catchment area consists mainly of D hydrological soil group (HSG), which has a mean hydraulic conductivity of 4.62910 -6 m/s (GLA-NRWb 1988) . This soil group is normally characterized by low to very low hydraulic conductivity, associated with high potential runoff. The hydrologic soil group C occupies a small portion of the study area (GLA-NRWb 1988) . This group extends as narrow belt with a southwest-northeast direction and is characterized by the low hydraulic conductivity of about 8.1910 -5 m/s (GLA-NRWb 1988). Thus, the hydrological characteristics of the soil cover in the study area increase the potential runoff and reduce the groundwater recharge.
The western part of the study area and the most of the settlement area are drained by a separate sewer system (Fig. 1) . Thus, the direct surface runoff of this area does not reach the Lottenbach stream.
A conceptual model of the study area is shown in Fig. 12 . The Upper Carboniferous mudstone and sandstone deposits are the main aquifers in this area. These formations are overlaid by loess deposits, which are Fig. 12 The hydrological and the hydrogeological conceptual model of the Lottenbachtal (the section A1:A of the geological profile shown in Fig. 1 ) Appl Water Sci (2017) 7:315-328 325 characterized by low hydraulic conductivity and constitute an aquitard. Figure 12 shows that the groundwater flow takes place chiefly through faults and mine shafts. These features form high flow conduits of the groundwater. Fracture networks, joints and bedding planes form other flow paths. Fractures are scattered within the impermeable rock matrix, so that groundwater could also flow through the primary pore space and fracture networks. In addition, the intersection between the faults, joints and bedding planes systems could form local traps of the groundwater. Joints and bedding planes enhance the vertical and semi-vertical groundwater flow. However, the complex interconnection between fractures, fault, shafts and bedding planes increases the heterogeneity and the complexity of the groundwater flow system in this area. The intersection points between these features and the earth's surface could contribute in the formation of water springs on the slopes or at the bottom of the valleys (Fig. 12 ). Figure 12 also shows that the groundwater, including the mine water, occurs chiefly by infiltration of the precipitation through the mine facilities, the faults, the joints, the bedding planes and the fracture networks. This hypothesis enhanced by the hydrogeological characteristics of the shallow groundwater, represented by Ca-Na-Mg-Cl-SO 4 water type, where the absence of the predominant ions refers to the contribution of different water sources to the groundwater recharge in this area. The groundwater recharge through the soil cover could be negligible in this area; this related to the hydraulic properties of the soil. However, the infiltration rate through soil profiles is also related to land use (USAD 2000) . Thus, the infiltration rates in the arable fields must be much higher than in forests in this area. The impervious area and other urban facilities should significantly reduce the groundwater recharge. Therefore, different mechanism and important spatial variations predominant the groundwater recharge in the Lottenbachtal catchment area.
Conclusion
The Lottenbachtal is characterized by very complex hydrological and hydrogeological characteristics due to the variety of land uses and the complex geological structure. The mining activities of the Ruhr Carboniferous disturbed the natural hydrogeological conditions by conduits, represented by drainage shafts. These features have relatively high flow velocities. The mining shafts intersect with other tectonic and lithological feature forming a complex groundwater flow system. The soil cover of the study area has extremely low hydraulic conductivity, which increases the direct surface runoff and reduces the groundwater recharge. The settlement areas also increase the direct surface runoff and reduce the groundwater recharge due to the large impervious areas. For this reason, the direct surface runoff generated in this area is extremely high in comparison with the other components of the hydrologic cycle. The groundwater recharge occurs chiefly by the mining and the tectonic features. The limited extension of the mining facilities and the low hydraulic conductivities of the unsaturated zone and the aquifer are responsible for the low groundwater recharge. The absence of the predominant water types in most of the water sources in this area is another result of the impact of the land use diversity, where the surface water and the groundwater flow through different flow paths and feed each other. The rainy days are characterized by the precipitation value ranged between 0.1 and 5 mm/day. The most common relative humidity values ranged between 55 and 80 %. The most predominant minimal air temperature ranged between 0 and 15°C, while the most predominant maximal air temperatures ranged between 5 and 15°C. The actual evapotranspiration constitutes 31.90 % of the total precipitation, while the direct surface runoff constitutes 61.04 %, the soil water constitutes 3 % and the groundwater recharge constitutes only 4 % of the total precipitation.
